DNA fingerprinting of Mycobacterium tuberculosis has been shown to be a powerful epidemiologic tool. We propose a standardized technique which exploits variability in both the number and genomic position of IS6110 to generate strain-specific patterns. recommend the designation IS6110 for these elements, except when a specific copy is concerned.
Epidemiologic studies of tuberculosis can be greatly facilitated by the application of strain-specific markers. Unusual antibiotic susceptibility patterns and phage typing, which have been used for this purpose, have significant limitations. The recently discovered transposable elements in Mycobacterium tuberculosis have been shown to be of great potential for use in strain differentiation. M. tuberculosis strain typing has already proven to be extremely useful in outbreak investigations (2, 7, 13) and is being applied to a variety of epidemiologic questions in numerous laboratories.
The existence of repetitive DNA elements in M. tuberculosis and their potential for use in fingerprinting of M. tuberculosis isolates was recognized independently by Eisenach et al. (4) , Zainuddin (14) , and Zainuddin and Dale (15) . The sequence of one of these elements, designated IS6110, was first reported by Thierry et al. (11, 12) and was shown to be related to the IS3 family of insertion sequences which were discovered in members of the family Enterobacteriaceae. McAdam et al. (9) independently sequenced the element isolated by Zainuddin and Dale (15) , which was designated IS986. Subsequently, a related element from Mycobacterium bovis BCG was sequenced by Hermans et al. (6) and is referred to as IS987. These three sequences differ in only a few base pairs and therefore can be considered essentially the same element. To avoid confusion, we * Corresponding author. recommend the designation IS6110 for these elements, except when a specific copy is concerned.
The effectiveness of this insertion sequence (IS) typing system for epidemiological analysis of M. tuberculosis isolates has been demonstrated in a number of studies (1-3, 5, 7, 8, 10, 13 Calif.) were used as molecular size standards. The molecular sizes of these two reference markers ranged from 16.2 to 0.603 kb, respectively (see Fig. 2B ).
The mycobacterial IS probe was prepared by peroxidase labeling of a 245-bp fragment obtained by amplification by the polymerase chain reaction (PCR) described previously (7) . Briefly, the oligonucleotides INS-1 (5'-CGTGAGGGCA TCGAGGTGGC) and INS-2 (5'-GCGTAGGCGTCGGTGA CAAA) were used to amplify a 245-bp fragment from purified chromosomal M. bovis BCG DNA by PCR. This fragment was purified by Sephadex G50 chromatography. The DNA was precipitated with ethanol, and after solubilization the DNA was labeled with peroxidase as described previously (7) .
Standard method of fingerprinting. DNA typing of M. tuberculosis complex strains is based on polymorphisms generated by variabilities in both the copy numbers and the chromosomal positions of IS6110 among clinical isolates of M. tuberculosis (1-3, 5-8, 10, 13, 15) . The technique of fingerprinting entails the growth of M. tuberculosis, extraction of DNA, restriction endonuclease digestion, Southern blotting, and probing for the IS element. Only three parameters are critical for a standardized IS6110-based DNA fingerprinting system: the specificity of the restriction enzyme, the nature of the DNA probe, and the use of appropriate molecular mass standards.
The physical map of the IS6110 sequence ( Fig. 1) indicates that various restriction enzymes cleave within the 1,355-bp element. BamHI, SstII, PstI, BstEII, BssHII, and PvuII have all been successfully used to generate restriction fragment length polymorphisms (1-8, 13, 14) . For the standard method we recommend the use of PvuII, because it has been used by the majority of laboratories and it cleaves the IS6110 sequence only once. Because of this latter property, PvuII digestion of IS6110-containing genomic DNA leads to IS6110-hybridizing fragments of at least 0.90 or 0.46 kb, depending on the IS6110 probe that is used. Since M. tuberculosis usually contains 8 to 20 IS6110 copies (13) , the use of a DNA probe which overlaps both sides of the PvuII site would result in 16 to 40 bands. This large number of bands would result in overcrowded lanes with overlapping bands. Therefore, we arbitrarily chose a DNA probe to the right of the PvuII site on the physical map, as shown in Fig.  1 . This reduced the number of IS6110-containing bands in the fingerprint to half of the maximum number possible. In exceptional cases, when the differentiation of the patterns is not adequate, the membranes could be reprobed with labeled DNA containing only IS sequences to the left of the PvuII site. For the standardized method, the exact DNA sequences of the probe do not matter as long as the IS sequence to the right of the PvuII site is used. An illustration of a Southern blot is given in Fig. 2A .
In order to compare fingerprints between M. tuberculosis isolates run on different gels and in different laboratories, the size of each IS6110-hybridizing fragment must be determined. This requires the use of molecular size markers which span the 10-to 0.9-kb range of most IS6110-hybridizing fragments. We recommend use of a combination of external and internal standards which provide a compromise between technical ease and maximal precision. External molecular size markers should be run in two or three lanes of each gel. Furthermore, we recommend inclusion in each gel a lane containing DNA from the reference strain of M. tuberculosis Mt14323, which, when digested with PvuII and probed with IS6110, gives 10 approximately evenly spaced bands of known size ( Fig. 2A) . Although the use of external markers is adequate for comparing small numbers of similar strains (such as in outbreak investigations), it may not provide sufficient precision to permit computerized comparisons of hundreds or thousands of strains. For this reason we recommend that molecular size standards which do not hybridize with IS6110 also be added to the wells with the cleaved M. tuberculosis DNA. After hybridization with IS6110, the membrane can be reprobed with labeled molecular size marker standards. This results in a second autoradiograph with molecular size standards in each lane. The second autoradiograph can be superimposed on the first autoradiograph, resulting in extremely precise molecular size determinations (Fig. 2B ). We were able to obtain standard deviations of the molecular sizes of less than 2% in the 1-to 2-kb range and less than 5% in the 9-to 10-kb range (2a) . If internal standards are used, a single reference external marker is sufficient.
Finally, to be able to compare DNA fingerprints made in different laboratories, a minimal resolving power of the gels is needed. At a given agarose concentration, the resolving power mainly depends on the electrophoresis time. We recommend conditions such that the distance between the 0.9-kb marker (the approximate size of the smallest PvuII IS-containing fragment) and the 10-kb marker is at least 10 cm. 
